To determine trends in the occurrence of nosocomial blood stream infection at the University of Alberta Hospital. METHODS: A prospective survey of nosocomial blood stream infection was conducted; cases from August 1986 to December 1996 were reviewed. Cases were detected by a review of positive blood cultures reported by the microbiology laboratory. Centers for Disease Control and Prevention definitions of nosocomial infection were used to categorize isolates as nosocomial, community acquired or contaminant. RESULTS: There were 2389 cases; primary bacteremia was the most common source (57%), followed by urinary tract, respiratory tract and surgical site sources (10% each). The nosocomial blood steam infection rate rose progressively from 6.0/1000 admissions and 4.59/10,000 patient days in 1986 to 11.2/1000 admissions and 14.31/10,000 days in 1996 (P<0.01); 48% of the total increase in rate occurred between 1995 and 1996. Significant increases occurred between 1986 and 1996 in primary infections (from 3.2 to 7.5/1000 admissions, P<0.01) and infections from all secondary sources (from 2.5 to 3.8/1000 admissions, P=0.01). Coagulase-negative staphylococci (27%), Staphylococcus aureus (19%) and enterococci (9%) were the most common microbial causes. Aerobic Gram-negative bacilli accounted for 28% and candida for 6%. Coagulase-negative staphylococci, enterococci and candida all became more prevalent as causes of infection over the study period.
H ospital care has long been associated with development of nosocomial infection. Recently, these infections have been identified as a significant public health problem (1) (2) (3) . Changes in health care delivery over time, including the increased use of invasive procedures or immunosuppressive therapy in hospitalized patients and, conversely, out of hospital treatment of less seriously ill patients has likely changed the frequency and pattern of nosocomial infections. However, it has been difficult to document trends in the occurrence of all nosocomial infections, given the difficulty of capturing such data and the limited immediate benefit of doing so. Nosocomial infections associated with blood stream infection account for less than 10% of the total, but may result in greater attributable mortality, prolonged length of hospitalization and a higher cost of care than other infections (3) (4) (5) (6) . Furthermore, such infections are much easier to detect in a prospective surveillance system. Changes in the occurrence of nosocomial blood stream infections may, therefore, provide easily obtainable data which can be used as a surrogate for changes in all nosocomial infections.
Since August 1986, blood culture reports have been prospectively monitored at University of Alberta Hospital to determine the occurrence of nosocomial bloodstream infection. Studies of organ system infections resulting in bloodstream infection and specific microorganisms causing those infections have been reported (7) (8) (9) . The present study examines all sources, microbiological etiology and long term trends in the frequency of nosocomial bloodstream infection from August 1, 1986 to December 31, 1996.
METHODS
The University of Alberta Hospital is a tertiary acute care facility and principal teaching hospital of the University of Alberta Faculty of Medicine. All forms of acute medical care were provided during most of the survey period, including adult and paediatric medicine and surgery, obstetrics/gynecology, hematological oncology, and solid organ transplantation. The hospital has seven intensive care units (ICUs) for critically ill patients: cardiac, adult medical surgical, cardiac surgery, burns, neurosurgery, pediatric and neonatal. In 1995, as part of health care reorganization in the region, all inpatient obstetrics/gynecology, and ophthalmology were transferred to another facility, and increased services were created for intensive care, neurosurgery and cardiac surgery. In 1986, at the beginning of the survey, there were approximately 1200 inpatients beds. Through the study period, there was a gradual reduction in bed number, reaching 1000 in 1992, followed by an abrupt decline from 1992 to 1994, stabilizing at about 600.
Average admissions remained stable at about 2500/month between 1986 and 1993. Beginning in 1994, a gradual decline in admissions occurred, to 1980 per month in 1996. Annual blood culture specimens processed by the hospitals clinical microbiology laboratory remained stable through the study period (10,000 to 12,000 specimens per year, R Rennie, personal communication).
Other than in ICUs, where phlebotomy was performed by registered nurses, blood cultures were obtained by physicians. Blood cultures were typically performed in sets of two, and incubated aerobically and anaerobically for five to seven days (unless prolonged incubation was requested). Blood cultures reported as growing microorganisms were reviewed daily by nurse practitioners in the hospital's Infection Control program. Patient charts were reviewed. The isolate was classified as a contaminant or as resulting from community-acquired or nosocomial infection based on Centers for Disease Control and Prevention (CDC) criteria (10) . When an organism isolated from blood culture was compatible with a nosocomial infection at another site, the blood stream infection was classified as secondary to that other infection. Other isolates, including all intravascular device related infections were classified as primary. When the isolate was an organism that was normal skin flora (eg, coagulase negative staphylococci, Bacillus species, Propionibacterium species), it was considered significant if there were clinical symptoms present, and either the organism was isolated from at least two separate blood cultures or a physician instituted appropriate antimicrobial therapy. The source of secondary infection was determined by chart review. The service or ward where the patient was located when the signs or symptoms of infection first developed was recorded. All cases included in the database occurring between August 1, 1986, the initiation of the surveillance program, and December 31, 1996 were reviewed. Data management and statistical methods: Cases of nosocomial blood stream infection were entered into Automated Infection Control Expert (Infections Control and Prevention Analysts Inc, Austin, Texas), a computer software program designed for nosocomial infection surveillance. Statistical comparison of rates was performed by EPI INFO, version 6.04b (CDC, Atlanta, Georgia). P<0.05 was considered significant.
RESULTS
There were 2389 episodes of nosocomial blood stream infection between August 1, 1986 and December 31, 1996. The annual number of cases gradually rose from 184 in 1987, the first full year of the survey, to 267 in 1996. The case rate similarly rose from 6.0/10,000 admissions in 1986 to 8.7/10,000 admissions in 1995 (Figure 1 ), and abruptly rose to 11.3/10,000 admissions in 1996 (risk ratio [RR] 1.9, 95% CI 1.4 to 2.4 compared with 1986; RR 1.29, 95% CI 1.08 to 1.54 compared with 1995). The nosocomial blood stream infection rate for the entire period was 7.8/10,000 admissions. Using patient days as a denominator, the case rate increased from 4.59/10,000 patient days in 1986 to 14.31 in 1996 (RR 3.1, 95% CI 2.4 to 4.1). Table 1 presents the sources of infection for 2389 cases. Primary infection, largely resulting from infection of intravascular devices, was by far the most common source, accounting for 57% of the total. Urinary tract, respiratory tract and surgical site infections with secondary blood stream infection were a tightly clustered second group of sources, each accounting for about 10% of the total. Primary infection increased in frequency from 3.3/1000 admissions in 1986 to 7.5/1000 in 1996 (relative risk 2.3, 95% CI 1.6 to 3.2 compared with 1986; P<0.01). There was an abrupt increase between 1995 and 1996 (relative risk 1.4, 95% CI 1.1 to 1.8; P<0.01). While no other source of infection significantly increased in frequency, all secondary sources as a group increased from 2.5/1000 in 1986 to 3.8/1000 in 1996 (relative risk 1.5, 95% CI 1.1 to 2.1; P=0.01). Microbial etiology: A total of 2582 different microbial species were identified in the 2389 cases (Table 2) . Aerobic Grampositive cocci as a group were most common (61.1%). As the authors have previously reported (7), aerobic Gram-negative bacilli were less common, accounting for 28% of infections. Yeast and fungi infections were uncommon (6.9%), and were almost entirely caused by Candida species. Anaerobic bacteria were relatively rare causes of nosocomial blood stream infection (3.1%).
Sources of infection:
Only three groups of microorganisms increased in prevalence as a cause of infection between 1986 and 1996: coagulase-negative Staphylococcus species, Enterococcus species and Candida species (Figure 2) . The number and case rate for coagulase-negative Staphylococcus species increased nearly every year between 1988 (46 cases, 14.4/10,000 admissions) and 1996 (82 cases, 34.5/10,000 admissions) (RR 2. There were 233 (9.8%) episodes in which more than one organism was identified (polymicrobial bacteremia). Polymicrobial cases were more likely to be secondary to skin or burn wound infection (8.6%), or of gastrointestinal source (15.1%, P=0.01), and were less likely to be primary (49.6%, P=0.01) or from a surgical site source (4.3%, P<0.01) than monomicrobial infections.
DISCUSSION
Our survey demonstrates that the risk of nosocomial blood stream infections has nearly doubled for patients admitted to our hospital between 1986 and 1996, as a result of small but relentless increases from 1986 to 1995, followed by a large increase between 1995 and 1996. Because our surveillance technique, definitions of infection and number of blood culture specimens tested did not change we believe this is a real increase in rate. Some of this increased rate may be only relative. Hospital 'downsizing' has likely resulted in the out of hospital treatment of less seriously ill patients, resulting in a residual patient pool with an increased severity of illness (12, 13) . Despite downsizing, the actual number of nosocomial blood stream infections occurring annually in our hospital has increased, indicating that there has been an absolute as well as relative increase in risk of infection. While changes in frequency of nosocomial blood stream infections may not be directly translatable to all nosocomial infections, these data suggest that nosocomial infections may have generally increased in frequency, because secondary blood stream infections as a group also increased in frequency.
Our data parallel the long term trends reported from American hospitals (5, 14, 15) , but there are some important distinctions. Pittet et al (14) reported that between 1981 and 1992 at the University of Iowa Hospital nosocomial blood stream infections increased from 6.7/1000 admissions to 18.4/1000 admissions compared with our average rate of 7.8/1000 and 1996 rate of 11.3/1000. They also demonstrated a linear increase in rate throughout the 12 survey years, both overall and for a range of specific pathogens. Our experience differs in that a slow rate of rise was seen for only coagulase-negative staphylococcal infections followed by a sudden increase in a range of pathogens in 1996. These distinctions imply that the determinants of baseline and increases in frequency of nosocomial infections, including blood stream infection, are not evenly applied among institutions, and provide justification for the collection of local as well as Canadian data, rather than simply extrapolating from the American experience. The sudden increase that our hospital experienced in 1996 occurred after extensive restructuring of health care delivery in 1995. This occurrence will be the subject of a more in-depth study.
Our data highlight the important and growing role of intravascular devices as a source of nosocomial blood stream infections (5) . Over half of all the infections were attributable to a primary source, largely associated with intravascular devices. Further, the annual rate of these infections increased by 129% between 1987 and 1996, compared with a 52% increase in annual rate for all secondary sources; by 1996, 67% of all blood stream infections were primary. There is an urgent need for research into and the implementation of techniques to prevent central venous catheter infections, the most common cause of primary infections (16) (17) (18) (19) .
CONCLUSIONS
Between 1986 and 1996, the rate of nosocomial blood stream infections in patients admitted to our hospital nearly doubled. This increase comprised of two patterns: a slow increase from 1986 to 1995, associated predominantly with coagulase-negative staphylococcal infections and primary sources, and a dramatic rise between 1995 and 1996 associated with a range of pathogens. Can J Infect Dis Vol 11 No 1 January/February 2000 HIV Protocols brings together a number of basic science protocols as applied to different areas of HIV research. It has been divided into four sections, which include: "Virology"; "Molecular Biology"; "Humoral Immunology"; and "Cellular Immunology". The book is part of the Methods in Molecular Medicine series from Humana Press, which advertises that readers will find everything that they need in the book to carry out the procedures, especially with their 'notes' section at the end of each chapter, which lets readers in on all the trade secrets. HIV Protocols will be a good addition to a basic science lab that processes various HIV clinical specimens. Graduate students or clinical fellows starting out on their careers in basic experimental science will find it most useful.
"Virology", the first section of the book, has eight chapters. The first chapter is the most important because it deals with the general method for cultivation of HIV from cells and body fluids of humans infected with HIV. Two chapters look at quantitation of HIV, which includes a general method for running a reverse transcriptase assay. A chapter on the study of viral entry into the cell introduces the use of reporter viruses instead of using live viruses. The remaining chapters in this section focus on different techniques for studying the identification of chemokine receptors, which seems a little out of touch with the earlier chapters.
The second section of the book, entitled "Molecular Biology", is made up of 18 chapters. As with the first section, this one has some chapters with general molecular techniques such as southern blotting, northern blotting and in situ polyermase chain reaction specifically designed with HIV in mind, and then moves to more specific procedures. Five chapters deal with quantitation or cloning of viral RNA or proviral DNA, using both homemade and commercial assays. Included is a chapter on the cloning of full length copies of the HIV provirus. For those groups involved in epidemiological field research, the two chapters, which employ dried blood and plasma spots on filter paper to identify HIV subtypes and infection status, will be of interest. The remaining chapters take a sharp turn, with techniques to look at HIV promoter activity and expression and an assay to measure telomere length.
"Humoral Immunology" is the third section, made up of 10 chapters. The first two chapters describe general methods for setting up an in-house ELISA and western blotting or immunoblotting assays to identify anti-HIV antibodies. Two chapters on antibody-antigen interaction are not very useful unless the reader happens to have a FACS system or a machine to measure surface plasmon reasonance. However, there is an excellent chapter describing general methods to carry out ELISPOT assays. Two different HIV infection neutralization assays are given and the procedure needed to collect and process human mucosal specimens, which is a bit of a repeat of an earlier chapter. The final chapter describes how to collect every possible specimen from all mucosal sites in a mouse, making it very applicable to research other than with HIV.
Seven chapters make up the final section entitled "Cellular Immunology". The topics covered here include lymphocyte proliferation assays, cytotoxic T-cell assays, measurement of antibody-dependent cellular cytotoxicity and detection of apoptosis, which are all important techniques in HIV research.
Overall, this book has compiled a number of general basic science protocols in the fields of virology, molecular biology and immunology as applied to the study of HIV. The thorough nature of the materials and methods section of each chapter ensures that the reader will get off to a good start when using these techniques in their own lab.
